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ABSTRACT 

The relationship between respiration rate and temperature of 3 millipede species: Glomeris marginals (Villers, 1789). 
Glomeris hexasticha Brandt, 1833 and Glomeris balcanica (Verhoeff, 1906), with different geographical distribution was 
measured and analysed. Simple linear relationship was found in G. marginals. A zone of the relative independence Of 
respiration rate on temperature in the temperature range 15-2(j°t was observed in G. hexasticha. The zone was less 
apparent in G. balcanica Specific respiration rates were higher in males than in females in ail species. Possible 
ecological significance of the difference in the respiration-temperature dependence was discussed 

RESUME 

Reponse respirulnire aux chan gem exits de temperature chez les diplopodcs du genre Glomeris 
Latreille, 1802* 

Les relations cm re le metabolisms respiraioire cl la temperature oni ete mesurees el anal y sees chez trois especes de 
dipfopodcs pr^sentant dcs a ires de repartition differences Glomeris marginata (Villers, 1789). Glomeris hexusticha 
Brandt, 1833 et Glomeris balcanica {Verhoeff, J906>. Une relation lineaire simple a etc mise en evidence chez 
G, marginata. Chez G. hexasticha, te metabolisme respiratoire est relauvemenl in dependant de la temperature, entre 
15 C et 20'C. phenomena moins Evident chez G, balcanica. Pour touies les cspeces, les taux respi rate ires sont plus 
eleves chez les male:; que chez les feme I les La possibility d'unc interpretation ^cologique de eette difference dans la 
relation rcspiration-tempdrature est diseutee. 


INTRODUCTION 

Glomeris balcanica is a dominant species of the soil macrofauna in extreme biotopes on an 
altitudinal gradient on Mt. Olympus and in a Que reus caccifera formation in Northern Greece. 
The detailed description of its biology and ecology, including respiration activity, was given by 
lATROU (1989) and lATROU & STAMOU (1989). Glomeris marginata is a common inhabitant of 
litter layers in deciduous forests of western Europe, Glomeris hexasticha is a middle and east 
European species. The biology and ecology of G. marginata and G. hexasticha was described by 
DUNGER & STE1NMETZGER (1981). More information about respiration-temperature 
relationships have been published (e.g. PENTEADO & MENDES, 1981; Gromysz-KalkOWSKA 
& TRACZ, 1983). However, different authors have used different experimental conditions, so 
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generalizations are difficult. The main aim of this study was to test differences between the 
species in specific metabolic rate (SMR) and to assay the SMR - temperature relationship using 
almost identical experimental procedure and the same method of measurement. 

MATERIAL AND METHODS 

The specimens of G. balcanica were collected in ihe northwest of Greece* some 20 km from Thessaloniki about 400 m 
a.sX in June 1991 (leg. TAJOV5&Y). and. after transport to our laboratory, kept for 3 weeks at I5°C in darkness. A 
mixture of Quercus cacctfera and Quercus robttr litters was used as food. Specimens of G, marginata were collected from a 
Quercus pubescent forest in Ruoms near Montelimar (south of France) a: an altitude 400 m a.sJ in May 1991 (leg, 
Frouz) and kept on Q. rohur litter in similar conditions as G. balcanica. Individuals of G, hexasticha were collected in a 
mixed oak forest near Netoliee in South Bohemia at an altitude from 485 io 570 m a.s.L in May 1991 (leg. SUSTR & 
Tajovsky), and kept on Quercus robur titter lor I - 3 weeks in conditions similar to those for G balcanica. Oxygen 
consumption was measured in a Warburg respirometer over a 5-hour period; 30 minutes were allowed for 
thermostabilization. The respiration rate of every animal was measured successively at 5, 10. 15. and 2Q D C during 4 days 
of experiment. Animals were reared in the laboratory culture c 15°C. dark, with food) for approximately 19 hours between 
the measurements. Seventeen individuals of G, hexaslicha (7 males and 10 females), 15 specimens of G. balcanica (2 
males and 13 females) and lb individuals of G. marginata (7 males and 9 females), with body mass in the range of 0.030 - 
0,219 g, 0.091 - 0,282 g. and 0.073 to 0.399 g T respectively, were used in the experiments. Qio values were calculated 
according to the equation Q 3 n = (kj/k^) 1 0/t 1 J-i2>^ where k] and kj are mean respiration rates at temperatures tl and 12 
respectively. 


RESULTS 

Specific metabolic rale (SMR)- temperature curves are shown in Figure 1. ANOVA indicated 
a significant effect of temperature on SMR in all three species (F = 36.6, P < 0.01 in G, 
marginata, F - 40.4, P < 0.0i in G. hexasticha and F = 49.0, P < 0.01 in G. balcanica). The 
shapes of the curves were similar in both sexes of the same species (see Table I). An almost 
linear curve was observed in G. marginata. The increase of SMR with increasing temperature 
was larger from 5 to 15°C than from 15 to 20°C in G. balcanica. A small range of relative 
temperature independence { RR.TI) was observed between 15 and 20°C in G. hexasticha (Fig. 1, 
Table 1). 

SMR values were higher in mates than in females. Differences were significant in G. 
hexasticha (F = 5.8. P < 0,02} and in G. balcanica (F = 8.5. P < 0.01). In G. balcanica, 
however, the comparison is disputable because of the limited number of males used in the 
experiment. 

The SMR of G. marginata was significantly lower than those of G. balcanica and G. 
hexasticha at 5 and 15°C (F - 14,6, P < 0.01 and F = 1 1 . 1 , P < 0.01 respectively). 

The mean individual body mass was 0.090 g in G. hexasticha , 0.175 g in G. balcanica , 
and 0.187 g in G. marginata. Changes in body mass were not significant during the experiment 
(F < 0.01, P > 0.9) for any species. 


Table 1. — Qio coefficients in three species of glomerid millipedes in the temperature range from 5°C to 20°C 


Species 

5-J0 

5-15 

Temperature range 
10-15 5-20 

10’20 

! 5-20 

Ghmeris hexasticha 

2,0 

2.3 

2 6 

1.9 

1.8 

1.2 

Glomeris hexasticha mules 

1,9 

2,3 

2.9 

] .8 

1.8 

1.1 

Glomeris hexasticha females 

2.3 

2.3 

2,3 

19 

1.8 

1.3 

Ghmeris balcanica 

2.8 

3,0 

3.1 

2.3 

2, 1 

1,3 

Glomeris balcanica males 

4.4 

4*2 

4.0 

3.0 

2,5 

1*5 

Glomeris balcanica females 

2.7 

2.7 

2.7 

2.1 

1.9 

1*3 

Glomeris marginata 

4,3 

3.0 

2,1 

2.5 

2,0 

1.8 

Ghmeris marginata males 

4.0 

3.1 

2,3 

2.5 

2*0 

1.8 

, Ghmeris marginata females 

5.3 

3.2 

2.0 

2,7 

1,9 

1,9 


Source. MNHN : Pans 
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Fig. i. — Mean SMR - temperature relationships in three species of millipedes. Errors bars. 95% confidence intervals, 
filled triangle; Glomeris halcanica, filled square; Glomens marginata, empty square: Glomeris hexasticha. 


DISCUSSION 

G, marginata, in agreement with its geographical distribution, would be best adapted to an 
oceanic climate with relatively variable weather. The population used in this study lives in a 
relatively exposed, warm and dry site. Adaptation to a microclimate with frequent temperature 
fluctuations, as well as relatively low locomotion activity appears to have prevented G. 
marginata from establishing an RRTI (that does or does not occur in a species). A wide range of 
preferred temperatures (lS^C to 26°C) was observed in G. marginata in laboratory by DuNGER 
& STEINMETZGER (1981). The site of collection of G. hexasticha has a forest microclimate 
w ithout great temperature fluctuations. These conditions may have enabled the establishment of a 
clearly expressed RRTI between 15 C C and 20 C C in the species. Its prefered temperature of 20°C 
was reported in laboratory by DUNGER & STEINMETZGER (1981). The lack of RRTI should be 
expected in G. halcanica because of high temperature fluctuations in the soil organic layer in Q. 
coccifera formation. However. G. halcanica shows greater locomotion activity and irritability 
than G. marginata and G. hexasticha. The difference between the standard and active metabolic 
rate may be larger and the RRTI consequently more expressed. The combination of the above 
mentioned factors contributes to the establishment oi the RR77, which is less apparent in 
comparison to G. hexasticha. The placement of the RRTI (between 15°C and 20°C) corresponds 
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to a temperature optimum of food consumption (IATROU & STAMOU, 1989} and with Qio values 
obtained by IATROU (1989). 
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